Abstract-This study was carried out to assess the current situation of seawater intrusion in the shallow aquifer within Tripoli region, Libya. Water samples were collected and analyzed for electric conductivity (EC), pH, total dissolved solids (TDS) and the major cations and anions. The detection of seawater intrusion was performed and classified according to Simpson classification and Jones ratio. The results showed that the TDS of water samples were ranging between 345 mg/l and 3334 mg/l,. The highest TDS, and Cl -levels were found at wells located at a strip-shape parallel to the coast of the sea by distance within 9 to12 km. The seawater indicators reveals that the water samples were highly contaminated by seawater and their highest values follow the same distribution pattern which has been found for the highest levels of TDS, and Cl -. It is clear that urgent action should be taken to minimize the intrusion problem.
I. INTRODUCTION
ROUNDWATER is a finite resource, a constraining factor for economic and agriculture development and it is becoming a scarce commodity in Libya. Tripoli city which is located in the coastal region characterized as most densely populated, a fact that makes the demand for water even more acute. The increasing demand of the groundwater has already been overpumped since the early 1960's. Such continuous overdevelopment causes an extensive seawater intrusion far inland deteriorating the groundwater quality. Many studies have been conducted on seawater intrusion during the previous decades. Water situation in Tripoli area during the years 1930 to 1960 have been studied by [1] . They summarized that the decline in water level was slightly near to the coast in the northern part, while it reached to 13 meters in the area of Qasr Ben Ghashir. Many detailed investigations carried out on the problem of seawater intrusion in Jifara plain [2] . As compared with other regions in the plain, it was found that the Tripoli city was the least vulnerable to the problem of seawater intrusion. On the other hand, the increasing in the rate of water consumption caused serious declines in water Ahmed Ekhmaj is with the Soil and Water Department, University of Tripoli, Tripoli, Libya (corresponding author's phone: +218914263629)
Younes Ezlit is with the Soil and Water Department, University of Tripoli, Tripoli, Libya Mukhtar Elaalem is with the Soil and Water Department, University of Tripoli, Tripoli, Libya levels, which could affect the direction of water flow, i.e. it would become from north to south. It was noted that the region extending along the shoreline from Az Zawiah to Tajura to a depth of 2 km was exposed to seawater intrusion [3] . The approximate extent of the seawater intrusion could be seen from the shape of the isolines along the coast where the most serious impact was recorded for Tripoli area [4] . Recently, two dramatic changes have been taken place in the city area. The first change is concerning with the water supply system whereas the water is imported from the Southwestern regions of the country via the conveyance system of phase two of the Man-made River Project (MRP). The Second change is related to the settlement expansion on agricultural lands where agricultural activity extends toward the south of the city. Such changes may lead to change the groundwater situation and seawater intrusion condition throughout the city area. This study has been taken to determine the chemical composition of the groundwater and to assess the current condition of seawater intrusion in Tripoli region by using various hydrogeochemical parameters.
II. MATERIALS AND METHODS

A. Study Area
The study site represents a coastal plain, opens towards the Mediterranean sea and covers most of Tripoli province area. It lies in between north latitudes 32°39'41" and 32°53'42" and east longitudes 13°03'55" and 13°15'42" and forms a rectangular in shape with 15 km width and 20 -25 km length as seen in Fig. 1 . With the exception of the urban and residential regions, which extend southward from the present shoreline to a distance 10 to 15 km , most of the areas are characterized as, mixing land-use characteristics, i.e., agricultural, urban and residential areas. Most of water needs for different purposes comes from an unconfined upper aquifer. The inspection of lithological logs indicates that aquifer belongs to Quaternary period and characterized by alternating layers of sands, sandstone, gravel and limestone [5]. The depths of water level of the unconfined upper aquifer are between 10 to 160 m below the ground surface, with saturated thickness varies from some 10 m to 90 m. Most of the wells in this aquifer give productivity of about 20-50 m3/hr [6] .
B. Sampling Strategy
To collected the hydrochemical data, 4 profiles (i.e., A-A', , Cl -, SO 4 2-, and HCO 3 -. The total dissolved soils (TDS) were determined indirectly as a function of EC as suggested by [8] by using the following equation as in EC TDS × = 640 (1) Where TDS in "mg/L" unit and EC in " dS/m" unit.
All chemical analysis were carried out at the soil and water laboratory of the Soil and Water Department, University of Tripoli (Libya). as per the standard methods [9] . The spatial distribution of some hydrochemical data was prepared and mapped using Surfer 8 software [10] . The statistical and correlation analyses were performed using SPSS software version [11] .
C. Indicators of Seawater Intrusion
In this study, sweater intrusion detection was investigated using many indicators which include levels of TDS, Chloride concentrations, Simpson ratio (SR) as reported by [13] and Jones ratio (JR) as suggested by [14] . Simpson ratio contrasts the relative abundance of the dominant seawater and freshwater anions. It classified the contaminated water due seawater intrusion into five groups : good quality (<0.5), slightly contaminated (0.5-1.3) moderately contaminated (1.3-2.8), injuriously contaminated (2.8-6.6) and highly contaminated (6.6-15.5) [13] . SR can be calculated using the following equation as in
where the concentrations are expressed in "mg/L" units.
Jones Ratio can also be used to differentiate between seawater intrusion and other sources of saltwater. In advance of a seawater intrusion front this ratio will be below 0.86 molar ratio [14] . Typically, this ratio is above 1 for fresh water [15] . SR can be calculated using the following equation as in
Where the concentrations are expressed in molar units. Table I shows that the depths of the wells range from 13 m below surface near the shoreline to 300 m below surface in the south vicinity of the study area. Most of wells which located south of 15 km from the shoreline are used for irrigation purpose. Table I shows the statistical summary of the chemical parameters of the groundwater for each profile and for the whole study area, as well. The results shows that values of pH for the study area vary between 6.9 and 8.1 and the highest mean value was 7.4 which found in the A-A' profile. However, natural water is expected to have pH value of between 6 and 8 [16] - [17] .The highest value of TDS was found in the D-D' profile with the mean value of 1150 mg/ l. It can be noted that TDS is increasing from the west of the study area toward the east. For the cations, the concentrations of Ca 2+ were found in rang of 28 to 248 mg/l. with the highest mean concentration 109.1 mg/l was found in the A-A' profile. Unlike TDS, the increasing trend of Ca 2+ concentrations was found from the east to the west of the study area. The concentrations of Mg 2+ vary from 24.9 to 257.6 mg/l, whereas the highest mean concentration 81.2 mg/l was found in the A-A' profile. Like the concentrations of Ca 2+ , the Mg 2+ concentrations are increasing from the west to the east of the study area. Such similarity in the trend of distribution indicating that both cations are always associated to form the water hardness [18] . The concentrations of Na + were found in range between 41.8 to 524 mg/l with 165 mg/l as a mean concentration of Na It reveals from Table I . that Na + concentrations is increasing toward the east of the study area. The concentrations of K + were relatively low compared to the concentrations of other cations. Their concentrations vary from 3.9 to 24.5 mg/l and show unclear trend of distribution within the study area. The order abundance of the major cations in the studied water well for the whole area and for each profile follows as: Na . There is a positive correlation of Ca 2+ with Mg 2+ in the groundwater of the area which probably attributed to the precipitation of dolomite and calcite [19] . The correlation between HCO 3 -and the other ions as well as TDS was very weak. This means that most cations are highly associated with Cl -and SO 4 2-. It may give an indication of the impact of seawater intrusion on groundwater as the Cl -and SO 4 2-are the major anions in seawater [20] .
III. RESULTS AND DISCUSSIONS
A. Composition of Major Ions and Water Type
Piper diagram is one way of comparing numerous water analyses. Based on the Piper diagram as shown in 
A. Indications of Seawater Intrusions
Seawater intrusion involves mixing between saline and fresh water. Owing to its considerable salt content, a small fraction of seawater would dominate the chemical composition of the groundwater mixture [12] Few hydrogeochemical parameters have been suggested as indicators for seawater intrusion. These parameters include levels of TDS, Cl -concentrations, the Simpson ratio and Jones Ratio. Fig. 3 shows the levels of TDS versus the distance of the wells from the shoreline. According to the spatial pattern distribution of TDS, the study area can be divided into three different zones, the coastal strip zone, the central zones and the south zones. The high TDS ( > 1000 mg/l) on the northward of the coastal strip zone, is a result of seawater intrusion. Then, TDS slight decreases up to about 6 km inland. Enhancing in TDS values within about 6 km from the coast may be attributed to a reduction in the pumping from the regional groundwater, whereas the majority of the northern study area relies on Man-made River Project as a main source for water supply. In the central zones, TDS starts increasing considerably ( > 1500 mg/l) in wells of the profiles of B-B',C-C' and D-D'. This increase continues (to reach their maximum values) for these wells up to about 8, 10 and 12 km toward inland for the profiles of B-B',C-C' and D-D', respectively. It was found a slight increase in TDS in wells of the profiles of A-A'. It reaches its maximum value at about 17 km from the shoreline, then it decreases southward at the end of the profile. However, TDS starts decreasing in the wells of the profiles of B-B',C-C' and D-D' in the south zones at about 17 km from the shoreline, then it increases again until the end of the profiles.
High concentrations of Cl -are most simply indicative of seawater intrusion [21] - [12] . Fig. 4 depicts the change in the Cl -concentrations with the distance from the shoreline. It reveals that Cl -concentrations distribution correspond to the TDS distribution. The distribution of Cl -concentrations shows interesting pattern where the lower chloride concentrations (< 400 mg/l) appears at distance up to about 6 km from the shoreline and at distance within 15 km to the boundary of the study area toward the south. A very clear sharp increase in Cl -concentrations ( >400 mg/l) in the wells of the profiles of B-B', C-C' and D-D' was found within the distance of 6 to 12 km from the shoreline. Seawater intrusion is the reason for the high Cl -concentrations in those profiles. Seawater are more easily defined when chloride concentrations exceed 1,000 mg/l [15] . Due to the excessive pumping in the region, seawater upconing can be expected as additional reason for such increasing in Cl -concentrations. In the wells of the profile A-A', the concentrations of Cl -show slight change with the distance from the shoreline. The chloride to (carbonate + bicarbonate) ratio is an useful ionic ratio. It reflects the abundance of the dominant seawater and freshwater anions. Simpson suggested this ratio as a proper criterion for recognition of contamination by seawater [12] . Fig. 5 shows the spatial distribution of Simpson ratio (SR) in the study area. According to Simpson classification it was found slightly contaminated groundwater in the most wells of the profile A-A'. The well No A18 which located at 125 m from the shoreline seems to be moderately contaminated groundwater with the value of SR equal to 2.58. For the majority of the study area, the groundwater was slightly to moderately contaminated by seawater. Fig. 5 depicts that the groundwater within the distance ranges between 9 and 12 km from the shoreline are injuriously and highly contaminated by seawater. This result would lead to indicate that seawater intrusion has advanced further up to about 12 km inland. ), ionic ratio such as Na + /Cl -(Jones Ratio ) can be effectively used to differentiate degree of seawater intrusion [15] . It was found that saline water, associated with seawater intrusion is characterized, relatively to seawater, by low Na + /Cl -ratio [22] . Fig. 6 . shows the spatial distribution of Na + /Cl -ratio within the groundwater of the study area. It reveals that most of the study area are contaminated with seawater where the molar ratio of Na . According to Simpson and Jones ratios, the study area within the distance ranges between 9 and 12 km from the shoreline are injuriously and highly contaminated by seawater. However, further researches are needed in order to investigate and monitor the evolution of seawater intrusion over time and space in Tripoli and its surrounding suburbs. 
